Objective-We evaluated family history as a predictor of incident and progressive coronary artery calcium (CAC) using data from the Multi-Ethnic Study of Atherosclerosis (MESA).
Introduction
Coronary artery calcification (CAC), measured using non-contrasted computed tomography gated to the cardiac cycle, is a well-validated metric for determining coronary heart disease (CHD) risk in asymptomatic patients. Across a variety of populations, increasing baseline measurements of CAC are associated with future CHD events, independent of traditional risk factors. Assimilation of CAC scores has been shown to improve established risk prediction models [1] [2] [3] [4] [5] . Clinical guideline statements have recommended that CAC scoring can be used in select groups of patients to further stratify CHD risk [6] [7] [8] . Currently the American Heart Association gives a Class IIa recommendation for measuring CAC in asymptomatic individuals at intermediate CHD risk, having a Framingham risk score (FRS) for 10-year CHD risk between 10% to 20%; there is also a IIa recommendation for testing asymptomatic diabetic patients over the age of 40 [9] .
Repeat measurements of CAC enable non-invasive assessment of the development and progression of subclinical atherosclerosis over time. Currently, repeat CAC measurements are being studied for their potential in routine clinical practice in select patients [10] . Although not useful as a marker for near-term responsiveness to statin treatment [11] [12] , progression of CAC is predicative of CHD events as well as all-cause mortality [13] [14] [15] . There is increasing evidence indicating that both established as well as novel CHD risk factors are closely associated with CAC incidence and progression [16] [17] [18] [19] . Family history of premature CHD is a recognized risk factor for development of CHD events and overall cardiovascular mortality [20] [21] ; however, it is not directly accounted for in traditional risk stratification methods, such as the Framingham risk score. Recent reports have shown that a family history of premature CHD is associated with a higher likelihood of presence of any CAC (>0) as well increased CAC scores among those with any detectable CAC [22] [23] . Moreover, there is evidence that incorporating family history can improve prediction models for identifying individuals with higher burden of subclinical coronary atherosclerosis as measured by CAC scores [24] . However, to date the relationship between family history and the development and progression of CAC has not been described. In this study we sought to examine the association of family history of CHD with the development and progression of CAC in a multiethnic group of asymptomatic patients.
Methods

Study Participants
Details on the MESA study's prospective design and organization are available in previous reports (Bild et al) From July 2000 to September 2002, 6,814 adults from the general community were enrolled at six field centers in the United States (Baltimore, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles, California; New York, New York; and St. Paul, Minnesota). Participants were aged 45-84 years at enrollment, free of clinical CVD, and identified themselves as white, black, Hispanic, or Chinese. The study was approved by the Institutional Review Boards at each site and all participants provided written informed consent. Medical history, anthropomorphic measurements, vital signs, laboratory data, and baseline imaging for coronary artery calcium score were collected during the baseline examination (performed from July 2000 to July 2002).
Collection of Family History Data
Detailed family history was obtained from 5,099 individuals (75% of all MESA participants) by questionnaire at the second evaluation (July 2002 to January 2004). Individuals were asked whether they had any first-degree relative who had experienced fatal or nonfatal myocardial infarction, received coronary angioplasty, and/or undergone coronary bypass surgery. Premature family history was defined as any of these events occurring before the age of 55 years in a male relative and before the age of 65 years in a female relative; events occurring after these respective age cutoffs were considered late-onset CHD. Individuals were excluded if they were not able to provide information regarding CHD events in firstdegree relatives.
Measurement of CAC
Coronary artery calcium was determined by computed tomography scanning by either electron-beam tomography or multi-detector computed tomography, as described previously [26] . All patients received a baseline CT scan for CAC scoring at the initial examination from July 2000 to July 2002. Individuals were randomly selected to get repeat scanning at exam 2, between July 2002 and January 2004 (approximately 50% of participants), or exam 3, between January 2004 and July 2005. An additional subset of 25% of participants was randomly selected for a third CAC measurement during exam 4, between July 2005 and July 2007. Overall, the mean follow-up time was 3.1 years (± 1.3 years). All scans were read at the Los Angeles Biomedical Research Institute at Harbor-UCLA Medical Center. Measurements of CAC were adjusted between the different centers and machines by using a standard calcium phantom of known density, which was scanned with each participant. The CAC volume was quantified using the volume scores, with any detectable calcium defined as a CAC score greater than 0. Each participant was scanned twice, and the mean volume score was calculated. This protocol has been described in detail [27] . Incident CAC was defined as a baseline CAC score of 0, with a follow-up score on repeat scan greater than 0. For individuals who had CAC > 0 at baseline scanning, progression of CAC was considered as the absolute difference in CAC score between the baseline exam and the follow-up score.
Multivariable Models and Statistical Analysis
The association of family history with incident CAC was analyzed by multivariable regression using a generalized linear model with logit link and binomial error distribution to determine odds ratios. A logistic regression was used in favor of relative risk regression in the analysis due to non-convergence in adjusted models. Progression of CAC among individuals with baseline CAC > 0 was evaluated by median regression analysis. For both incident CAC and CAC progression, we further examined associations between family history and CAC by race/ethnicity as well as source of premature family history, classified as parent, sibling, or both parent and sibling. Covariates were grouped into three models to adjust for demographic data and known CHD risk factors. In model 1, analyses were adjusted for age, gender, race/ethnicity, MESA site, and follow-up duration. Model 2 was adjusted age, gender, race/ethnicity, MESA site, follow-up duration, education, body mass index (BMI), hypertension, diabetes mellitus, systolic blood pressure, anti-hypertensive medications, lipid-lowering medications, cigarette smoking, low density lipoprotein cholesterol (LDL-C), and high density lipoprotein cholesterol (HDL-C). Model 3 differed between the analyses for incident CAC and CAC progression. When examining incident CAC, this model (referred to as model 3a) was adjusted for age, gender, race/ethnicity, MESA site, follow-up duration, and Framingham risk score (FRS). When analyzing progression of CAC, the covariates adjusted for were age, gender, race/ethnicity, MESA site, follow-up duration, education, BMI, hypertension, diabetes mellitus, systolic blood pressure, anti-hypertensive medications, lipid-lowering medications, cigarette smoking, LDL-C, HDL-C, and the logarithm of baseline CAC score (model 3b).
In order to correlate CAC change with CHD events, we performed a simple event analysis stratifying CHD events by the presence or absence of incident CAC or significant CAC progression. Significant CAC progression was defined as absolute CAC change ≥ 25 volume units with accompanying adjusted CAC percentage change ≥ 25% per 3 years. Indexing to 3 years was chosen because median time between scans was approximately 3 years. CHD events were defined as myocardial infarction, death from CHD, definite angina, probable angina followed by coronary revascularization, or resuscitated cardiac arrest. Events were expressed as occurrences per 1000 person-years. In order to rule out the coronary scan itself causing increased perceived symptomatology among patients or physicians, patients were notified whether they had above average, average, or below average CAC scores at the time of scanning. CHD events were analyzed 90 days post-scan, and no increased revascularizations or other events were noted; there were only 2 revascularizations within the 90-day time frame.
All statistical analyses were carried out by Stata 11.1 (StatCorp LP, College Station, Texas). A p value of less than 0.05 was considered significant.
Results
The baseline characteristics of the MESA study population are presented in Table 1 . Statistical comparisons are made between those without a family history of CHD and those with histories of premature and late CHD. Within the total cohort, 47% of the population was male, with the majority of participants being Caucasian (n = 2166). Overall, 52% (n = 2633) of participants had a positive family history of CHD; 20% (n = 1002) of the individuals had a family history of premature CHD, of whom 456 reported the premature history in a parent only, 471 in a sibling only, and 75 in both parents and siblings. The group with a family history of premature CHD tended to be younger, had a higher percentage of participants who were women, African-Americans, current smokers, hypertensive, taking blood pressure and/or cholesterol-lowering medications, and had a lower 10 year CHD risk than other individuals. There was no significant difference among groups in the prevalence of diabetes mellitus or lipid profile.
Family History and Incident CAC
Within the study group, 2645 individuals (52%) had no CAC at baseline. Among these, 527 (20%) patients developed detectable CAC on follow-up examination. There was a significant increase in incidence of CAC in patients with a premature family history of CHD (7.24 per 100 person-years) compared to those with no history (5.87 per 100 person-years) or a late family history (6.56 per 100 person-years) (p < 0.05) ( Fig. 1A) . For those with a premature family history, patients with a parental history had a significantly higher incidence in CAC compared to those with no family history ( Figure 1B ). Having both a parent and a sibling with premature CHD was associated with a higher incidence of CAC than either alone, but this trend did not reach statistical significance. Table 2 summarizes the odds ratios for development of incident CAC. Compared to those with no family history (taken as the reference group with OR of 1), individuals with a family history of premature CHD had significantly greater odds for developing CAC on follow-up (OR of 1.50) after adjusting for demographic factors, site, and follow-up duration (model 1); this association remained significant after adjusting for additional CHD risk factors and FRS in models 2 and 3, respectively (p < 0.05 for all models). In all three models, there was no significant increase in incident CAC among patients with a family history of late-onset CHD. Individual medications for blood pressure and lipid-lowering therapy were adjusted into model 2 and there was no change in incidence odds ratios. Ethnicity-specific analyses for CAC incidence are also detailed in Table 2 . Whites with a premature family history of CHD had a consistently higher odds ratio for incident CAC (p < 0.01 for all three models), but heterogeneity across ethnic groups was not found to be statistically significant (p = 0.31). There was no statistically significant tendency for the development of CAC with a family history of late-onset CHD in any ethnic/racial group. Table 3 stratifies the impact of premature family history of CHD by source (parent versus sibling). A parental history of premature disease was associated with incident CAC, after adjusting for demographics, CHD risk factors, and FRS, with odds ratios of 1.46 to 1.70 (p < 0.05 in all models). In contrast, premature CHD in siblings did not demonstrate a significant relation to incident CAC. A premature history of CHD in both parents and siblings did show a significant association with development of CAC when adjusted for demographics (OR of 2.58, p < 0.05) and demonstrated a trend towards greater odds of incident CAC when additionally adjusted for CHD risk factors. However, further adjustment for both risk factors and FRS attenuated the statistical significance of this relationship. Interaction testing by source of family history for CAC incidence was non-significant (p = 0.59).
Family History and Progression of CAC
The association of family history with progression of CAC was examined in 2,454 MESA participants who had a CAC > 0 at baseline. No family history of CHD was observed in 1046 individuals (43%). Eight hundred ninety-four (36%) participants had a family history of late-onset CHD, and 514 (21%) had a history of premature CHD in a family member. The latter was associated with an unadjusted absolute median CAC progression of 57 volume units, compared to 42 in those without any family history of CHD ( Fig. 2A) ; similarly, those with a family history of late CHD had an absolute median CAC increase of 59 (p < 0.01 for the trend). Those with a parental history of premature CHD had a median CAC volume that was 8 units higher than the group with no family history while those with a sibling history had a CAC score that was 22 units higher ( Figure 2B ). A combined sibling and parental history had incremental CAC score progression that was 32 units higher than the reference group. This trend of increased score progression was significant at p < 0.01. Table 4 details the relationship of family history of CHD to progression of CAC. In analyzing CAC progression, we utilized median regression analysis, as opposed to logistic regression which was used for the incidence studies. This change was made because unlike incidence, which can be categorized as being "present" or "not present," progression occurs on a continuum. Hence data analysis of this continuous variable is more amenable to median regression analysis. Individuals with a premature family history of CHD had 16.7 units greater progression when compared to those with no family history in a demographicsadjusted model (model 1, p < 0.001); this was over two-fold greater progression than the group with late CHD family history (8.17 units). There was some attenuation of this relationship after adjusting for CHD risk factors. Adjustment for both CHD risk factors as well as the logarithm of the baseline CAC score removed the significant difference for both family-history groups when compared with CAC progression in the negative family history group. Individual medications for blood pressure and lipid-lowering therapy were adjusted into model 2 and there was no change in progression data.
Median regression analysis of CAC progression stratified by race/ethnicity demonstrated that whites with a premature family history of CHD showed significantly higher progression of median CAC of 21.3 volume units (p < 0.01) when compared to their counterparts with no CHD family history in a risk factor adjusted model (Table 4 ). African-Americans, Chinese, and Hispanics did not show a significant association between CAC progression and family history of CHD in this model, although Chinese participants with a premature family history of CHD did show a trend towards greater CAC progression compared to their no family history counterparts. The apparent heterogeneity by ethnic/racial group was however not found to be statistically significant (p = 0.73).
The association of CAC progression with family history of premature CHD was evaluated further through sub-group analysis by source of premature history. As listed in Table 5 , a sibling history of premature CHD was associated with a CAC progression of 23.4 units greater volume when compared to individuals with no family history (model 1, p < 0.001), with only some attenuation of this relationship after adjusting for CHD risk factors (p < 0.01). A parental history only or a combined parent-sibling history of premature CHD was significantly associated with greater CAC progression in demographic-adjusted analyses, but this relationship became much weaker and did not reach statistical significance in the fully adjusted models (models 2 and 3). Additionally, there was no significant interaction between overall premature family history and source of premature history for CAC progression (p = 0.72).
To see if family history and CAC together correlate with a higher number of CHD events, we performed an event analysis of CHD events stratified by family history and the presence of CAC incidence/progression ( Table 6 ). The presence of incident CAC and/or significant CAC progression was associated with great CHD events per 1000 person-years, although the analysis was limited by power when evaluating by family history group.
Discussion
In a population-based multiethnic cohort of asymptomatic, mostly low-and intermediaterisk men and women, a family history of CHD, particularly a combined parental and sibling history of premature CHD, is associated with CAC incidence and progression in MESA. The findings further support and reinforce the addition of family history of CHD in current methods of global risk assessment and practice guidelines.
Previous studies have indicated a relationship between premature family history and baseline CAC measured at a single time point [22] [23] [28] [29] [30] [31] . Those studies support the notion that family history has an important association with a static measure of coronary atherosclerosis. Our results now demonstrate that family history of premature CHD is associated with both initial development and progression of CAC. It is not entirely clear that the increased risk of coronary atherosclerosis progression among those with family history of premature CHD can be attributable entirely to additive genetic effects. It is important to note that atherosclerosis is influenced by a complex interplay among numerous environmental and genetic factors and family members share not share similar environmental factors such as diet and lifestyle pattern. In this regard determination of family history of premature CHD can serve as an excellent surrogate to identify cumulative effect of genetic and lifestyle factors that may have specific influence on CHD risk.
One important consideration when evaluating CAC progression is its relationship to baseline CAC. In the present study, we analyzed data for change in CAC utilizing models which included and excluded baseline CAC. Models that did not include baseline CAC as an adjustment parameter (models 1 and 2) revealed strong associations between family history and CAC progression, while adjusting for baseline CAC (model 3b) strongly attenuated the relationship and degree of progression. However, considering baseline CAC as a confounder for CAC progression is problematic since it ignores that progression occurs both before and after the initial observation of CAC is made. Baseline CAC is inherently a result of prior rates of progression of coronary calcium and is a known strong predictor of future CAC progression [18] . Thus, it would be reasonable to consider that prior progression, and hence baseline CAC, would influence future rates of change in calcifications. Baseline CAC can in fact be considered an integrative risk factor, taking into account several separate risk categories, including family history. Adjusting for baseline CAC may negate the environmental and genetic factors that interact with, rather than confound, CAC progression, as well as adjust out net effects of other risk factors including family history, leading to a smaller difference between groups.
This study examines the effect of a potent risk factor of CHD on the development and change in coronary calcification. It is also important to consider how CAC correlates with response to treatment. One area where this relationship is still being evaluated is statin effect and CAC. Although there is strong evidence indicating a beneficial impact of statin therapy on overall plaque stability and size by intravascular ultrasound [32] [33] [34] , statin effect on the calcified component of the plaque is less clear. Data from observational and retrospective studies have suggested that statin therapy can be associated with a reduction in CAC progression [35] [36] . Other studies have shown that in patients who develop an MI, CAC progression remains high and is unaffected by statin therapy [12, 37] . The largest prospective trial evaluating statin therapy on CAC was conducted in patients from the St. Francis Heart Study with CAC at or above the 80th percentile for age and gender [38] . No decrease in CAC progression was observed after a mean-time follow-up of 4.3 years, and the decrease in CHD events did not reach statistical significance. However, these studies were likely underpowered to detect a difference in CAC progression, and participants had very elevated baseline CAC scores, which makes interpretation of CAC progression more challenging. Interestingly, a recently completed post-hoc analysis of the St. Francis Heart Study found a significant reduction in CHD events with statin treatment for participants with a family history of premature CHD and elevated baseline CAC scores, although CAC score change was not examined in this analysis [39] . It would be interesting to see if individuals with varying degrees of risk factors, including extent of family history and CAC, demonstrate a risk-factor-and score-dependent relationship to statin response. In this context, our results provide compelling evidence to support the need for those future studies.
One difficulty associated with any measurement of family history is recall bias, since objective measurements, such as reviewing medical records for all family members, are often impractical or not achievable. Prior studies have shown that recall bias tends towards under-reporting CHD history in family members, resulting in a low sensitivity, although the specificity of a positive family history for a CHD event is variable [40] [41] . Those prior studies also suggest some differences between recall of sibling versus parental history, with decreased recall of sibling history as well as a trend towards poorer recall of familial history with increasing age. The net effect of this is that computed CHD risks associated with family history may be falsely lowered, since the bias tends towards a negative family history. Misclassification can also be biased towards the null in general, since patients who are unaware of their relatives' medical history may report it as being negative. Alternatively, there is also the possibility of a bias away from the null as well; in this scenario, patients who have risk factors for CHD or a history of clinical events may more likely report relatives as having a history of CHD. This would lead to an over-estimation of risk posed by family history. One additional limitation of family history data collection in the MESA population is that family history information was obtained on the second evaluation rather than on the initial visit. Thus, family history data may be unavailable for participants who came to the initial visit and scan but who did not subsequently follow up. This could be a source of bias, particularly for those who had baseline CAC on that initial scan, for an association with no family history.
Studies have found that sibling histories of CHD are associated with a greater incidence and prevalence of cardiovascular events [42] [43] [44] . However, these studies looked at clinical cardiovascular events as their study end-points, rather than subclinical disease, which we evaluated through CAC. Prior studies have also suggested a stronger association between the prevalence of CAC and sibling history of premature CHD, as compared with parental history, after multivariate analysis adjusting for CHD risk factors in a cohort of MESA participants [23] and a cohort of physician-referred patients [30] . Intriguingly, we observed that a combined parental and sibling history of premature CHD was associated with the greatest incidence and progression in CAC. This suggests that, family history may have a "dose-dependent" effect, where individuals with more robust family histories of CHD are at greater risk, and hence may have a poorer prognosis. Further studies are needed to determine how source and extent of family history interacts with disease progression and the impact this has on vascular calcification as determined by CAC.
In analyzing the heterogeneity of the association of family history with coronary artery calcification, we observed that whites with a premature family history of CHD had a significant increase in incidence and progression of CAC. This data should be taken in light of prior reports showing a higher prevalence of CAC and greater baseline calcification scores in whites compared to other ethnic/racial groups [45] [46] [47] . However, in an analysis of clinical events, a study by Detrano and colleagues did not find a race/ethnicity-specific difference in the predicative value of CAC for coronary events, although the total number of observed events was low [48] . Additional studies are needed to better understand how the respective potential genetic loci and environmental factors entailed in family history and race/ethnicity interact with one another and how these affect clinically relevant endpoints. In this regard, one study has examined whole-blood gene expression profiles and CAC levels among white and African American women selected from MESA participants [49] . The study found concordantly decreased expression profiles of several genes in African Americans, particularly those involved in immunologic and inflammatory pathways, when compared to the overall multi-racial low CAC score group. It will be interesting to see how family history associates with these expression profiles to gain a more complete mechanistic understanding of the genetic influences on CAC progression, and whether such factors are ultimately associated with differences in clinical CHD events.
In summary, our study demonstrates that family history of premature CHD independently predicts incident CAC and is generally associated with increased progression of CAC in a large multiethnic cohort of asymptomatic individuals. The present results further support the notion that family history is an important determinant of cardiovascular risk, and suggest that this risk may be conferred by acceleration in subclinical atherosclerosis. More research is warranted to determine whether use of family history of CHD in conjunction with repeat CAC testing in intermediate term follow-up will better identify those subjects at higher risk who would be candidates for more aggressive primary prevention, including intensified diet and life style modifications as well as pharmacotherapy.
Figure 1. Incident CAC per 100 patient-years according to family history
Panel A shows incidence of CAC according to whether patients had a late or premature family history (Fam Hx) of CHD. * indicates p < 0.05 when comparing incidence of CAC among those with a premature family history of CHD to patients with no family history. The p value for the overall trend is less than 0.05. Panel B expresses incidence of CAC according to source of premature family history of CHD. * indicates p < 0.05 when comparing incident CAC in the parental history of premature CHD group with no family history of CHD. Parental history is associated with faster development of CAC in comparison to sibling history, while a family history in both parents and siblings has the highest incidence of CAC.
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Figure 2. Median CAC change according to family history of CHD for baseline CAC > 0
Panel A demonstrates that participants with a positive family history (Fam Hx) of CHD had greater median CAC progression than participants with no family history. The p value for the trend is less than 0.01. Panel B stratifies CAC progression by source of premature family history; patients with both a parent and sibling with premature family history showed the greatest increase in CAC on follow-up examination followed by patients with a sibling history and parental history, respectively. The p value for the trend is less than 0.01. Table 2 Odds ratio (OR) for incident development of CAC by family history and stratified by race/ethnicity. All analyses are in comparison to participants with no family history of CHD, which was the reference group. Model 1 adjusted for age, gender, race/ethnicity, MESA site, and follow-up duration. Model 2 adjusted age, gender, race/ethnicity, MESA site, follow-up duration, education, BMI, hypertension, diabetes mellitus, systolic blood pressure, anti-hypertensive medications, cigarette smoking, LDL-C, and HDL-C. Model 3 adjusted for age, gender, race/ethnicity, MESA site, follow-up duration, education, BMI, hypertension, diabetes mellitus, systolic blood pressure, anti-hypertensive medications, cigarette smoking, LDL-C, HDL-C, and the logarithm of baseline CAC score.
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Pandey et al. Page 20 Table 5 Median CAC progression, expressed as CAC volume score, by source of premature family history All analyses are in comparison to participants with no family history of CHD, which was the reference group. Model 1 adjusted for age, gender, race/ethnicity, MESA site, and follow-up duration. Model 2 adjusted age, gender, race/ethnicity, MESA site, follow-up duration, education, BMI, hypertension, diabetes mellitus, systolic blood pressure, anti-hypertensive medications, cigarette smoking, LDL-C, and HDL-C. Model 3 adjusted for age, gender, race/ethnicity, MESA site, follow-up duration, education, BMI, hypertension, diabetes mellitus, systolic blood pressure, anti-hypertensive medications, cigarette smoking, LDL-C, HDL-C, and the logarithm of baseline CAC score.
Pandey et al. Page 21 Table 6 CHD events in MESA participants by family history of coronary heart disease and aggregate incidence and progression of CAC Positive incidence/progression represents any CAC incidence or absolute CAC change ≥ 25 volume units with accompanying adjusted CAC percentage change ≥ 25% per 3 years (median time between scans). CHD: coronary heart disease
